 Abstract-A field investigation to characterize some changes of soil properties in the cropland was conducted in 2002 in sandy Entisol under mung bean production. We found that once the grassland was converted to cropland, some soil properties degraded rapidly. There was a significant increase in the soil sand fraction and soil temperature, and a substantial decrease in soil silt and clay fraction, soil organic matter, total N, total P, available N and soil moisture in the cropland converted from grassland after several years cropping. At 5 years successive cropping site, the soil productivity declined to one-third that at 1 year cropping site. All results implied that these changes of soil properties caused soil environment deteriorating for crop growth and crop biomass formation in the cropland.
INTRODUCTION
Desertification extensions of China's arid northern region, principally through wind erosion caused by human overuse of the land resources in such a fragile environments, is considered to be one of the country's most serious environmental problems [1] - [3] . Over recent decades, especially in the last 30 years, this region has undergone severe desertification, primarily due to overgrazing in grassland, over-collection of firewood and over-cutting of timber in natural woodland, and over-cultivation in natural sandy grassland or woodland which is unsuitable to be used as a cropland in this region [4] , [5] . Grazing is not usually the triggering factor for grassland degradation under uncertain condition; more commonly it is cultivation of grassland recently [6] . There is little knowledge about how the changes in soil properties of a cropland conversion from grassland results in soil degradation and then, in soil chimerical and physical environment deterioration for crop growth, and finally in declining the soil productivity.
Soil properties, such as soil texture, soil water content and soil temperature bear a close relationship with land production potential [7] . When a piece of natural sandy grassland is converted into cropland, relative a higher risk of soil wind erosion is created, in particular under clean  Manuscript received March 21, 2013 ; revised May 28, 2013. tillage adopted by local farmers [8] - [11] . Crop cultivation in fragile area has numerous effects on soil properties, including thinning possible removal of topsoil [11] - [14] . Wind erosion becomes very pronounced during winter and spring seasons, because of the dry, windy weather and exposed, loose surface soil in bare sand area, especially in rainfed croplands in the Horqin Sand Land of eastern Inner Mongolia in northern China [2] , [11] . The 51,000 km 2 Horqin Sand Land is a typical transition region between land use for grazing and for grain production [2] , [6] . For proper land use management, it is necessary to understand the mechanisms of changes in soil properties and soil productivity resulting from cultivation of grassland in this region [10] .
The aim of this paper is to present some observations of changes in several soil properties, after several cropping years, in some croplands which were converted from grassland by clean tillage, and to assess the effect of soil degradation on cropland productivity and to make some land management suggestion to local policies makers in this region.
II. MATERIALS AND METHODS

A. Study Area and Treatment Plots
The study area is located in Naiman county (lat. 42°58'N, long. 120°43'E, 358m above mean sea level), in Horqin Sand Land of eastern Inner Mongolia, China. The geomorphologic landscape in this region is characterized by sand dunes alternating with gently undulating interdunal lowlands, with 20-120m thickness of sand deposits aggraded in the Quaternary period [15] , [16] , and within a zone of continental semi-arid monsoon climate. The mean meteorological conditions are summarized as follows: the 45-yr ) mean air temperature is about 6.4°C, and the frost-free period is about 130-150 days per year. The 40-yr mean precipitation is 364 mm. The average wind speed is 3.4m s -1 and gales (wind speed >= 17.2m s -1 ) occur mainly in the spring from 16.9 to 24.1 days per year. There are yearly more than 200 days (mainly in spring and winter seasons) with wind velocity exceeding 5 m s -1 , which is the threshold value leading to wind erosion in this region [17] .
Two soil types predominate in the Horqin Sand Land, sandy Kastanozems under original grassland, generally in the west and remnant elsewhere, and more widespread Arenosols in desertified central and eastern areas [1] , [18] . The study area is dominated by Arenosols, with remnant Kastanozems in the least degraded portions. The sandy grassland is mainly classified into three types: moving, semi-fixed and fixed [10] .
Generally, a piece of flat and undulating sandy grassland is easy to convert into cropland for grain production by local farmers for economic reasons, in particular after 1998, when farmers could gain grassland use rights through rental or contracting from village authorities in this region [6] . After a piece of sandy grassland was converted into a cropland, usually crops with short growth periods, such as millet (Panicum miliaceum L.), mung bean (Phaseplus aureus L.), cowpea (Vigna sinensis L.) and buckwheat (Fagopyrum esculentum), were planted as following the local climate and the conventional tillage practices, either as monocultures or intercropped [2] .
Based on interviews with landowners, study plots of 0.08 -0.3 ha, with similar topography, in open, relative flat and rain-fed croplands, were chosen for this study, all located near the Naiman Station of Desertification Research, Chinese Academy of Sciences. These croplands may be distinguished as four types according to different years of initial cultivation, representing four treatments in this study: 1-yr site which was converted from grassland in spring of 2002 and first cultivated; 2-yr site continuously cultivated in second year and converted in spring of 2001; 3-yr site in 2000, and 5-yr site in 1998. The experiment was replicated four times for each treatment, for a total of sixteen plots.
In the study area, mung bean was sown on 5th May and harvested on 25th August during the study period using clean tillage practices. The tillage practices are to plow the land to 15 cm depth using a mini-type mold-board plow pulled by a horse or donkey, and then to follow by crop sowing and harrowing and rolling in cropland [19] . At early branching stage with 2-3 leaves, plants were thinned to 5 individuals per meter along rows spaced 0.45 m apart, and weeds were controlled twice by hand during the whole growing season. Starter fertilizer placed adjacent to the seed at planting provided 75-150 kg /ha of a compound fertilizer (18-42-0, solution) . No irrigation was applied with this tillage system. This tillage practice has to leave the soil bare for 8 months, from middle September to late April the following year [11] .
B. Measurements and Analysis
In each cropland plot, one 2m × 2m quadrat was established for soil water content and soil temperature monitoring. The soil water content at four depths (0-10, 11-20, 21-30 and 31-40cm) was determined by the gravimetric method, and soil temperature at four depths (5, 10, 15 and 20cm) was monitored using thermocouples (HH82, Exphil Calibration Labs, Bohemia, NY, USA) monthly in each quadrat.
Soil samples in each cropland were collected at 0 -15 cm depth from similar positions within each site to minimize the effect of topography on soil properties, after harvest in September 2002. Soil samples were obtained by mixing five sub-samples collected from five locations in each of the cropland sites. The composite soil samples were thoroughly sieved to 2 mm to remove roots and incorporated litter, after being air-dried. Part of the sieved sample was used for determining particle size distribution and part for chemical analysis. Soil particle size distribution was determined by the pipette method [20] . Soil pH and electrolytic conductivity were determined by a combination pH electrode (Multiline F/SET-3, Germany). Soil organic matter was measured by the method of Walkley and Black [21] , total N by the Kjeldahl procedure (UDK 140 Automatic Steam Distilling Unit, Automatic Titroline 96, Italy) [22] , and total P by UV-1601 Spectrophotometer (Japan), after H2S04-HCl04 digestion [22] . Soil available N was determined by the alkalisable diffusion method, and available P determined by the Bray method [22] .
Aboveground crop biomass in ten randomly located 1 m × 1 m quadrats was measured by clipping at intervals of 10-14 days and started at early of branching stage in each site. All biomass samples were oven dried at 80°C for 48 hours and weighed [10] .
C. Statistical Analysis
All data were analyzed using the SPSS program for Windows Version 11.5. Multiple-comparison and one-way analysis of variance (ANOVA) procedures were used to compare the differences among the treatments. The least significant difference (LSD) tests were performed to determine the significance of treatments means at P < 0.05 [19] .
III. RESULTS
A. Soil Texture
There were marked, significant differences in soil particle size distribution in 0-15cm depth among the four sites (Table I ). There was a dramatic increase in sand content and a corresponding decrease in silt and clay content from the 1-yr site to the 5-yr site. After 5 years of continuous cropping, the silt and clay contents were 61.3% and 59.8% lower than in the 1-yr site, respectively. On average, the 1-yr site soil was a very slightly sandy loam, and on the 5-yr site loamy sand. Values are means of four replicates
B. Soil Chemical Properties
The analysis of variance and multiple comparisons showed large variations among the four treatment sites in several soil chemical properties, such as soil organic matter, total N, total P, and available N, but less variation in available P and pH (Table II) . Compared with values at the 1-yr site, soil organic matter had declined significantly (P<0.05) by 66.3% at the 5-yr site, 64.5% at the 3-yr site, and 64.1% at the 2-yr site. A similar tendency of decline appeared for total N, total P and available N, but for available P its changes were slight. Soil pH in the four croplands showed a slight increase with cropping years; its value ranged from 8.1 to 8.3. 
C. Soil Water Content and Soil Temperature
Average soil gravimetric water content at 0-40cm and soil temperature at 5-20 cm depths in the four sites is shown in Table III . Soil water content steadily decreased from the 1-yr site to the 5-yr site, and decreased in all sites during the growing season. Maximum soil water content was 18.2% at the 1-yr site in mid-July, while the minimum was 2.1% at the 5-yr site in mid-August. The ANOVA and multiple comparisons showed that soil water content varied significantly among sites during the crop growth period (P < 0.05), indicating that soil water content decreased as the number of cropping years increased in these cropland sites. The average soil temperature at 0-20cm depths did not differ significantly among the four sites, but the small variations that did appear showed a tendency of gradual increase with cropping years (Table III) . Values are means of four replicates ± S.D. Means with different letters within a column are significantly different at P = 0.05.
D. Soil Productivity
The above-ground biomass of vegetation is a good indictor of soil productivity. There are large differences in the growth curves of Mung bean biomass among the four sites (Fig. 1) . Compared with the 1-yr site, crop biomass was reduced by 63% at the 5-yr site, by 42% at the 3-yr site, and by 23% at the 2-yr site. That is, crop biomass at the 1-yr site was nearly 3-fold more than at the 5-yr site.
Crop biomass was insignificantly different among the four sites from June 14 to July 14, but significant differences (P<0.05) between the 5-yr site and the others appeared after July 24.
IV. DISCUSSION AND SUMMARY
After five years of continuous cropping, the soil productivity of converted grassland decreased significantly because of a further deterioration of the soil environment for crop growth, primarily through the loss of fine particles and associated nutrients. Because the climate of the Horqin Sand Land is relatively dry, and strong winds are common in winter and spring, wind erosion is widespread throughout the region [10] . The clean tillage system in use on converted grassland leaves the soil bare for 8 months, from September to April the following year, allowing accelerated erosion to occur in every year [15] . The longer cropland suffers from wind erosion, the higher its sand content because clay and silt particles are blown away by wind in this region [15] , [23] . Our results confirm that the soil of cropland converted from grassland has undergone a rapid coarsening process under continuous cropping in this region.
Gomes et al. [24] suggested that wind erosion is the removal of the finest soil particles that contain disproportionately greater amount of plant nutrients which affect crop growth.
In this study, soil organic matter, total N, total P and available N reduced significantly with the increase of cropping years through the coarsening process caused by wind erosion in these croplands.
Also, soil water content declined markedly because soil organic matter, silt and clay particles were lost from the soil by wind erosion. Soil water is a key factor for crop growth. If soil water content in the crop land was close to the permanent wilting point of plant, crop growth and yield were restricted [25] . Our results showing a further deteriorating trend in soil water content and soil temperature in cropland are consistent with those of Zhao et al. [25] and Su et al. [19] .
Finally, the interactions among coarsened soil texture, soil organic matter loss, soil water content and soil nutrient decrease, and soil temperature increase with the number of cropping year, it may arise from a soil degradation under clean tillage practice with the intensity of wind erosion. Many previous studies have found crop biomass or yield decreased under wind erosion [18] , [25] , resulting in a deteriorated soil environment for crop growth and significant reduction of soil productivity. Wind erosion is a main driving forces for loss of crop productivity through damaging soil structure, reducing soil nutrients, and deterioration of the soil environment [7] , [26] , [27] . The average mung bean biomass at the 5-yr site was 101.3g/m 2 lower than that of natural vegetation on semi-fixed dunes (90-120g/m 2 ) in this region [10] . This result showed that the soil productivity of the cropland converted from grassland decreased dramatically under this tillage practice within only five years of cropping in this area.
Based on the results of this study, we can suggest to local government and policy makers that converting grassland to cropland is an unwise way to increase grain production and income for local farmers and presents a high risk of soil productivity loss under this windy climate regime [16] . In particular, wind erosion can occur as soon as the natural vegetation is stripped away by such human activities as plowing for cultivation, overgrazing livestock and collection of fuel-wood [28] . In order to combating desertification caused by over-cultivation of grassland, local government should make a proper land use guideline to the farmer who has got the land use right of grassland which is unsuitable for cultivation. In the guideline it is prohibiting for farmers to change the land use way by their own hand only. If the farmers are eager to convert this kind of grassland to cropland, they should get a permition from village administration committee or local government, and should adopted an proper land management system as scientist's suggestions that it is beneficial to protect cropland against wind erosion using some protection measures, such as establishing shelterbelt, straw manure, intercropping of cereals and herbage, minimum tillage, increased organic fertilizer, and spring irrigation [19] , [25] .
